Introduction
The clinical laboratory is regularly faced with the task of establishing the causes of non-diabetic melituria. These causes may be: physiological for neonates ], caused by hereditary defects of carbohydrate metabolism [2] , brought about by congenital or acquired deficiencies of disaccharidases. [3] , or an abnormal sugar excretion may be found with enteritis [4] . The necessary analysis is often approached qualitatively by using thinlayer chromatography [5, 6, 7] ;this gives a quick result which is often sufficient. Ion exchange chromatography allows the quantitative determination of a range of carbohydrates in urine whereas enzymatic methods only measure single compounds.
Column chromatographic methods previously described for use on clinical materials [8, 9, 10] suffer from disadvantages;
long analytical run-times are required and the corrosive orcinol-conc, sulphuric acid reagent is used to detect any nonreducing sugars. Recently a method 11 uses the non-corrosive Nanochrom II reagent, and is investigated here for its applicability to routine clinical analysis.
Material and methods

Instruments
The sugar analyser (Fluorimetric Sugar Module, Breda Scientific, Breda, The Netherlands) was used packed with DA X-4 0/.t (Durrum Chemical Co., Palo Alto, USA)in the borate form treated according to Mopper [12] . Pressure measured at the pump head was below 30 bar (3MPa). A single channel flowthrough filter fluorimeter was used as the fluorimetric detector with a combined controller-integrator-recorder unit ( Figure 1 ). The UV absorption was measured with a UV spectrophotometer UV-24 (Beckman, Munich, Germany). This company also supplied the glucose analyser for glucose and disaccharide determinations.
* correspondence to this author 
Methods
The borate complexes of the carbohydrates were 'separated isocratically using a 0.7 M boric acid eluting buffer adjusted to pH 8.90 + 0.01 with 8 N NaOH. The Column temperature was set to 80 8 IC and a flow rate of 48 ml/h was used.
Carbohydrates are detected by the formation of a fluorophore in alkaline medium with EDA according to Honda et al [13] . As the reaction proceeds sufficiently rapidly only at elevated temperatures, it was possible to add the reagent (Nanochrom II) with a final concentration of 500/A/1 to the eluting buffer. After separation the sugars were reacted with EDA at 155 C for approximately 8 minutes. The absorbance of the resulting fluorophore was measured at two wavelengths, 345 and 450 nm. Details of the reaction conditions (effects of buffer molarity, pH, reaction temperature and time) are scheduled to be published elsewhere 11 ]. To eliminate possible effects of changes in the buffer]reagent composition, 50/al of the standard solution was injected each day before analysis of samples. Quantification and peak identification was achieved by comparison of peaks and retention times with those of standard mixtures. The volume of the ultrafiltered samples (occasionally diluted 10 with doubly distilled water) was kept constant at 50 /al. For urine samples the running time was extended to 3 hours in order to elute uronic acids which, having longer retention times than glucose (90 min), would otherwise appear as a continuous base line increase during the next runs.
Quantitative evaluation of chromatograms was carried out by comparing peak heights multiplied by width at half peak height, because matrix effects present on the baseline posed difficulties for electronic integration (see later).
The enzymic determinations o fglucose, xylose, and galactose were carried out according to the kit instructions, lactose and sucrose were determined according to D6rner 14] .
Bacterial activity in urine was suppressed by the addition of 1% (v/v) thymol in isopropanol (10% w/v). For recovery Volume 3 No.1 Januaxy 1981
D6rner et al New automatic sugar analyser experiments 9 ml of urine was made up to 10 ml with standard solution and doubly distilled water. Serum and spinal fluid were ultrafiltered and either analysed immediately or stored at -18 C.
Results
Choice of sugars investigated Several urine samples from newly born infants and healthy adults were analysed to establish the "normal" pattern and to decide which sugars to investigate. A typical chromatogram with pure sugars is shown in Figure 2 , and from neonatal urine in Figure 3 . Lactose, xylose, galactose, and glucose were routinely found to be present with occassional occurence of mannose, fructose, and sucrose. With the exception ofmannose and fructose chemical methods already existed in the authors' clinics and could be used for comparative purposes. Samples of serum and spinal fluid from subjects without metabolic disorders contained glucose with only traces of other sugars as shown in Figure 4 .
Linearity and sensitivity The chromatographic method was tested with glucose in standard addition experiments as described above and found to be linear up to 2.5 mmoles/1 ( Figure 5 ). Higher concentrations were not tested. The reference methods were tested similarly and their linearity found to be satisfactory.
The detection limit is dependent on fluorimeter and recorder/integrator settings. For purposes of this study the smallest peak area that could be evaluated was considered to be 0.87 cm 2 corresponding to an integrator value of 100. For the reference methods, when an extinction difference of 0.005E was taken as being measurable, the detection limits were as shown in Table 1 .
Precision
Analytical precision was determined with 6 standard runs on two separate days. Results are given in Table 2 . Coefficients of variation for sugars with long retention times are markedly smaller for the manual evaluation than for electronic integration. Repeated analysis (n 6) of a newborn's urine gave coefficients of variation for lactose and galactose of 2.8% and l i N b i l i r u b i n l i n t e r f e r e n c e baiary cirrhosis. The following concentrations were found." Figure 3 . Chromatogram of urinary sugars from a healthy 3.84 mmoles/1 glucose, 0.0618 mmoles/l mannose, and newborn infant collected on the 4th day after birth; same O. 0255 mmoles/l lactose. Sensitivity setting was higher running conditions as in Figure 2 . than usual and the running conditions were as in Figure 2 . In the samples employed for this study these two compounds
were not established to be present. Uronic acids have retention times longer than glucose (90 min) and appear as extremely broad peaks. Their determination within two hours is possible by changing running parameters (higher buffer molarity, lower column temperature and addition of 0.03 to 0.06 mmoles]l sodium chloride).
Samples of urine, serum, and spinal fluid need only be ultrafiltered, no desalting or concentration was necessary.
A decrease in separating ability with the analysis of physiological samples could not be detected. The observed yellow discolouration of the resin at the top of the column was probably due to protein and polysaccharide material of low molecular weight and had no/narked effect on the separations.
The detection limits of the chromatographic system were good and can be decreased if necessary. Settings of the fluorimeter and recorder/integrator were adjusted to analyse normal urines without dilution.
